The molecular assisted selection in animals is based on polymorphism study of desired gene alleles related to economic important traits, particularly productivity parameters. Allelic variants can be a result of different modification of DNA nucleotide composition, i.e. spot mutations leading to a single nucleotide polymorphism (SNP), insertions and deletions (indel), etc. Anyway, targeted selection necessitates detecting gene polymorphism and estimating its relationship with productivity. The genes encoding proteins which are involved in the growth and development regulation, such as hormones, are considered the most perspective and attractive candidates. So far as the physiological effect of any hormone is known to be directly related to its receptor, it is advisable to study gene polymorphism of both hormones and their receptors. In the Ukraine the relationship between polymorphism of the genes mentioned hereinabove and hen performance was not still studied. Therefore these stipulate the relevance and novelty of our investigation presented in the paper. The genetic structure of Poltava Clay chicken egg-and-meat breed (line 14, n = 98, laboratory population of State Poultry Research Station of the National Academy of Agrarian Sciences of Ukraine) was studied on growth hormone (GH), growth hormone receptor (GHR), prolactin (PRL) and prolactin receptor genes (PRLR). Gene polymorphism was determined by PCR-RFLP analysis and by comparative analysis of amplified fragment length when studying insertion in the prolactin locus. The growth hormone, growth hormone receptor and prolactin genes were polymorphic. The frequencies obtained were as follows: 0.372 and 0.628 for alleles C and T (PRL-AluI), respectively, in GHMspI (intron 1) 0.908 for alleles A, 0.020 for B, 0.072 for C; in GH-SacI (the intron 4) 0.036 for A, 0.964 for B; in GHR-NspI 0.280 for A, 0.720 for B. The prolactin gene (24 indel) and prolactin receptor gene were monomorphic. The relationship of different genotypes of prolactin, growth hormone, and growth hormone receptor genes with egg productivity was studied. All studied polymorphic loci were in Hardy-Weinberg equilibrium in population of Poltava clay chicken breed. It is shown the significant differences in the productivity of individuals of different genotypes for the loci of prolactin (PRL-AluI) and growth hormone (GH-SacI). The egg production for 12 weeks in the individuals with genotype CC-PRL exceeded that in the individuals with genotype TT-PRL and amounted to 75.38±2.33 and 67.82±1.21, respectively (P < 0.01). Egg production for 40 weeks in the chickens with genotype CC-PRL reached 201.50±8.43, and in TT-PRL hens it was 188.32±3.45. The egg weight at 30 th week of life was 54.80±1.44 g in the individuals with CC-PRL genotype against 50.95±0.54 g in the individuals with CT-PRL genotype (P < 0.05). At the same time the heterozygous individuals with genotype AB (SacI +/SacI) on growth hormone gene were characterized by a significantly higher egg production during 12 week productive period compared to chickens with genotype BB (SacI/SacI), particularly 72.00±1.67 against 66.98±1.05. Also the differences were shown in the egg weight at the 30 th week of life. Its value reached 55.02±1.52 g in the individuals with genotype AB while in hens with genotype BB it was 51.40±0.42 g (P < 0.05).
The genomic breeding is based on the study of polymorphism of target genes, the allelic variants of which are associated with productive properties of animals. The allelic variants of functional genes are a result of different modifications of nucleotide composition, such as point mutations (Single Nucleotide Polymorphism -SNP), insertions/deletions (indel), etc. Anyway, polymorphism identification and subsequent study of its relationship with productivity characters provide a basis for further targeted breeding. All of the above is fully applicable to the poultry farming [1] .
It is most interesting to search for polymorphism in the genes, the products of which are involved in regulation of various functions, primarily those associated with support of growth and differentiation [2] . Such objects include the genes encoding regulatory proteins, in particular, hormones. In turn, the physiological effect of any hormone directly depends on its receptor, therefore, it is reasonable to study the polymorphism of the genes encoding both hormones themselves and their receptors.
From this point of view in the poultry genetics, the genes of growth hormone, prolactin and their receptors are considered as one of the most promising candidate genes for studying the polymorphism and relationships of allelic variants with productive properties of poultry [3, 4] .
Growth hormone and prolactin are referred to a class of peptide hormones with a wide spectrum of regulated functions [5] . Thus, growth hormone is directly involved in growth regulation and differentiation of various types of body tissues. At the same time, prolactin in birds takes part in reproductive cycle regulation as a specific initiator of brooding manifestation (increase in concentration of plasmatic prolactin leads to gradual decrease in egg-laying intensity and then to its complete cessation) [6, 7] .
The growth hormone (GH) gene, which is located in the chromosome 27, contains 5 exons and 4 introns with a total length equal to  4.35 kbp. It was shown that different SNP's (G662A, T3094C, C3199T, etc.) are present in various gene regions (introns, exons, etc.) [8] . The relationship between allelic variants and productivity characters (egg and meat productivity) was revealed [9] . Positive correlation of the SacI+ allele (intron 4) with indices of resistance to Marek's disease was noted, and, in turn, MspI polymorphism in the intron 1 is associated with egg productivity of poultry [10, 11] .
The growth hormone receptor (GHR) gene contains 10 exons and 9 introns with a total length equal to  130.33 kbp and is located in the Z chromosome, which determines its hemizygous state in hen birds. It was shown that several different types of SNP's (G565A, A1512T, etc.) affecting the intronic and exonic parts, as well as nontranslated 5 and 3 gene regions, are present [8, 12, 13] . It was found that the allelic variants of the GHR gene are associated with quality indices of shell and live weight, as well as with chicken dwarfism.
The prolactin (PRL) gene includes 5 exons and 4 introns with a total length equal to  6.14 kbp and is located in chromosome 2. Polymorphism with regard to the presence of an insertion in a promoter gene region was shown along with several SNP's [14, 15] . The relationship of different allelic variants of the prolactin gene with egg productivity for different chicken breeds, with brooding manifestation, etc. was revealed. For example, the presence of a 24-bp insertion positively correlates with increased egg-laying capacity and negatively correlates with brooding manifestation [16] . Cytosine transition into thymin at position 2402 in the prolactin gene was described, and positive correlation of egg-laying capacity with genotype CC was established [17] . In general, taking into account an important role of prolactin in poultry reproductive cycle regulation, we may note special opportunities for studying the polymorphism of this gene, first of all, in connection with egg-laying capacity [18] .
The prolactin receptor (PRLR) gene contains 12 exons and 11 introns (total length is  20.89 thousand bp) and is located in the Z chromosome as the growth hormone receptor gene. It was demonstrated that SNP's are present in various gene regions and are associated with productivity characters of chickens. Thus, the BamHI+ allelic variant by the exon 5 of the gene positively correlates with egg-laying capacity [3] .
In Ukraine, the relationship between polymorphism of the mentioned genes and productive properties of domestic chicken breeds has not been studied yet, which largely determines the relevance and novelty of the performed study.
Based on the above, this study was aimed at investigating the genetic pattern of the Poltavskaya Glinistaya chicken breed population by the loci of growth hormone, growth hormone receptor, prolactin and prolactin receptor, as well as at identifying the relationship between the allelic variants of the listed genes and egg-laying capacity.
Technique. The studies were carried out using Poltavskaya Glinistaya poultry chickens, the egg-and-meat poultry bred in the Ukraine (line 14, n = 98), which were kept at a laboratory vivarium at the experimental station. DNA was extracted from the blood samples taken from the comb onto sterile filter paper using a scarificator. Each sample was predried, marked and individually packed in order to prevent contamination. DNA extraction was carried out using a DNA-sorb-B commercial reagent kit (AmpliSens, Russia). The successful extraction of the DNA needed for analysis was assessed using electrophoresis in 0.7 % agarose gel (CSL-AG100, Cleaver Scientific, Great Britain) at 200 V within 5 min.
The prolactin gene was studied by two parameters, i.e. the presence of a 24 bp insertion in a promoter gene region (24 indel) and single nucleotide polymorphism (cytosine transition into thymin) at position 2402 (C-2402T) (AluI restriction endonuclease). In the prolactin receptor gene, a BamHI polymorphism was assessed in the exon 5. As in case of prolactin, the growth hormone gene was investigated by two indicators, the MspI polymorphism in the intron 1 and SacI polymorphism in the intron 4. In the growth hormone receptor gene, cytosine transition into thymin was determined in the intron 5 (NspI restriction endonuclease).
The following nucleotide sequences of primers were used in amplification: 5′-TTTAA-TATTGGTGGGTGAAGAGACA-3′ and 5′-ATGCCACTGATC-CTCGAAAACTC-3′ for PRL (24 indel) [14] ; 5′-AGAGGCAGCCCAGG-CATTTTAC-3′ and 5′-CCTGGGTCTGGTTTGGAA-ATT-3′ for PRL (C-2402T) [14] ; 5′-ATCC-CCAGGCAAACATCCTC-3′ and 5′-CCTCGACATC-CAGCTCACAT-3′ for GH (intron 1) [19] ; 5′-CTAAAGGACCTGGAAGA-AGGG-3′ and 5′-AACTTGTC-GTAGGTGGGTCTG-3′ for GH (intron 4) [11] ; 5′-TTGTCTGCTTTGATTCATTTCC-3′ and 5′-TGCATTTCATTCTTCCCTTTTT-3′ for PRLR (exon 5) [3] ; 5′-ACGAAAAGTGTTTCAGTGTTGA-3′ and 5′-TTTA-TCCCGTGTTCTCTTGACA-3′ for GHR (intron 5) [20] .
The PCR was carried out using DreamTaq PCR Master Mix reagents (Thermo Scientific, USA) in a Tertsik programmable thermocycler (DNATechnology, Russia) in accordance with the corresponding programs: denaturation for 5 min at 94 С; denaturation for 45 s at 94 С, annealing for 45 s at 54 С for PRL (24 indel), 62 С for PRL (C-2402T), 56 С for PRLR (exon 5) and GH (intron 4), 55 С for GH (intron 1) and 60 С for GHR (intron 5), and elongation for 60 s at 72 С (35 cycles); final elongation for 10 min at 72 С. The volume of reaction mixture was 20 µl; primer concentration for each locus was 0.2 µM.
The amplified fragments were treated with restriction endonucleases according to the attached instructions (FastDigest, Thermo Scientific, USA). Restriction products were separated in 1.5 % agarose gel (CSL-AG100, Cleaver Scientific, Great Britain) at 150 V within 40 min. Visualization was carried out using ethidium bromide in UV light. The size of restriction fragments was determined using М-50 and М-100 molecular weight markers (IzoGen, Russia). For genotyping of individuals, restriction fragment lengths were compared on electrophoretograms for each locus.
The obtained results were used for calculation of the following parameters: actual (O) and theoretical (E) genotype distribution, genotype and allele frequencies, correspondence to Hardy-Weinberg genetic equilibrium of the population using the χ 2 method, actual (H o ) and theoretical (H e ) heterozygosity, total number of alleles (Na), effective number of alleles (n e ), and Wright fixation index (Fis) in compliance with common methods [21] . The egg productivity indices were also taken into account, particularly the egg number En 12 and En 40 for 12 and 40 weeks of productive period, respectively, and the egg weight Ew 30 and Ew 52 at the age of 30 and 52 weeks, respectively.
The significance of differences was determined using Student's t-test [22] .
Results. It is known that in the PRL locus (24 indel) the allele I contains a 24 bp insertion, whereas allele D does not contain it. Genotype II is represented on an electrophoretogram by a 154 bp fragment, while for DD its length is 130 bp, and for ID there are 130 and 154 bp fragments. In case of PRL (C-2402T), allele C has three restriction sites for AluI (two monomorphic and one polymorphic), and allele T has two sites. Therefore, genotype CC is repre- The undertaken studies of the Poltavskaya Glinistaya chicken breed population have demonstrated that the loci of the genes of growth hormone (by the introns 1 and 4), growth hormone receptor and prolactin (C-2402T) are polymorphic, whereas the 24 indel and prolactin receptor gene are monomorphic (Fig.) .
In case of 24 indel in the Poltavskaya Glinistaya chicken breed population, we observed individuals with only one genotype DD (i.e. the prolactin locus is monomorphic with regard to the presence of the insertion in the promoter region of the gene). Due to the monomorphic nature of this locus, the chickens of the analyzed line differ markedly from the previously studied individuals from populations of the Borkovskaya Barvistaya and Bely Plimutrok breeds [23] . Based on the presence of single nucleotide polymorphism at position 2402 of the prolactin gene, we identified individuals of all the three possible genotypes in the population (see Fig.) .
According to the results of assessment of MspI polymorphism in the intron 1 of the growth hormone gene, there were individuals of three of six possible genotypes, AA, AB and AC, in the studied chicken population. No individuals homozygous by alleles B and C were found. Also, there were no individuals with genotype BC in the studied population.
In turn, with regard to SacI polymorphism in the intron 4 of the growth hormone gene, individuals of two genotypes were found, i.e. AB (SacI+/SacI) and BB (SacI/SacI). We did not identify individuals with genotype AA (SacI+/SacI+) in the studied population.
In the studied chickens, the encoding prolactin receptor was represented
by A0 variant (BamHI polymorphism in the exon 5). As in case of the prolactin gene (24 indel), it turned out to be monomorphic. With regard to the GHR gene, there were individuals of two genotypes, A0 and B0, in the population. Due to hemizygosity of loci by the PRLR and GHR genes in hen birds, no heterozygotes were found in the population in both cases (see Fig.) .
The analysis of actual and theoretical distributions of individuals with different genotypes (for all the loci studied) did not reveal any disturbance of genetic equilibrium in the experimental chicken population, which indicates the absence of selection pressure.
As compared to populations of other Ukrainian chicken breeds (Bely Plimutrok, Borkovskaya Barvistaya) [23] , the population we studied had a number of essential specific features. Thus, for the PRL locus, egg production chickens (Borkovskaya Barvistaya) and egg and meat production chickens (Bely Plimutrok) are characterized by high frequency of allele I (contains an insertion) and allele D (without an insertion), respectively, whereas the mentioned locus in the Poltavskaya Glinistaya chicken breed population was monomorphic at all (Table 1 ). 
A0 (1) A ( The analysis of MspI polymorphism in the intron 1 of the growth hormone gene revealed allele C in the heterozygous state (AC) in the studied chicken population, and its frequency was equal to 0.072. Note the interesting fact that, according to the specialist literature, allele C itself is almost completely absent in commercial line populations, but present in some native breeds (19) . At the same time, as in this study, allele C was found in populations of other Ukrainian chicken breeds (Borkovskaya Barvistaya and Bely Plimutrok) where its frequency was equal to 0.17 [23] .
The population genetic characteristics of the Poltavskaya Glinistaya chicken
breed with regard to the studied loci (the vivarium of the State Poultry Experimental Station of the National Academy of Agrarian Sciences of Ukraine, Kharkov Region, 2013) 
Na is a total number of alleles; H o and H e are an actual and theoretical heterozygosity, respectively; Fis is Wright fixation index; n e is an effective number of alleles. Dash means that an index cannot be calculated due to monomorphism of loci (PRL 24 indel and PRLR) and hemizygosity (GHR). The results were obtained using the PCR-RFLP (Restriction Fragment Length Polymorphism) analysis and by the comparative analysis of amplified fragment lengths in studying the insertion in the prolactin locus.
In general, the analysis of the observed and expected genotype distributions within a sample showed that there was some kurtosis of heterozygotes by the loci of PRL (C-2402T) and GH (intron 1) ( Table 2 ). However, with regard to the GH locus (intron 4), the indices reflecting the actual and theoretical heterozygosity were almost the same (0.071 and 0.069, respectively).
Among polymorphic loci, the largest effective number of alleles was observed with regard to the prolactin gene (C-2402T) (n e = 1.876), and the least number (n e = 1.074) was noted for the growth hormone gene (SacI polymorphism). Thus, the prolactin locus (C-2402T) had the highest polymorphism level among all the genes studied.
Along with the genetic population studies, we have assessed the egg productivity of chickens with different genotypes. 12 and En 40 are the number of eggs for 12 and 40 weeks of productive period, respectively; Ew 30 and Ew 52 are the egg weight on the week 30 and the week 52 weeks of life, respectively; MspI, SacI are restriction endonucleases. Refer to the body of the article for genotype description by allelic variants. *, ** The significance of differences is Р < 0.05 and Р < 0.01, respectively.
Due to the monomorphic nature of the prolactin gene with regard to the presence of the insertion in the promoter region, it was impossible to study the relationship between allelic variants and productivity characters in chickens of the Poltavskaya Glinistaya breed. At the same time, the presence of single nucleotide polymorphism in the PRL locus (C-2402T) has allowed us to demonstrate that egg productivity for 12 weeks for individuals with genotype CC-PRL exceeded that for chickens with genotype TT-PRL and was equal to 75.38±2.33 and 67.82±1.21 pcs, respectively (P < 0.01) ( Table 3) . Egg productivity for 40 weeks for chickens with genotypes CC-PRL and TT-PRL was equal to 201.50±8.43 and 188.32±3.45 pcs, respectively; these differences were unreliable, which was largely associated with small number of individuals with genotype CC-PRL (11 chickens) as compared to TT-PRL (36 chickens). The data on positive correlation of genotype CC-PRL with egg productivity for chickens of the Poltavskaya Glinistaya breed are consistent with the results obtained for foreign chicken breeds [14, 17] .
We also noted differences in egg weight on the 30 th week of life, particlularly 54.80±1.44 g for individuals with genotype CC-PRL versus 50.95±0.54 g for chickens with genotype CT-PRL (P < 0.05) (see Table 3 ).
With regard to the GH locus (MspI polymorphism in the intron 1), no significant differences in productivity indices were found between individuals of different genotypes, which is probably associated with the absence of chickens with genotypes BB-GH and CC-GH in the population (we compared the productivity of the individuals homozygous and heterozygous by allele A) (see Table 3 ).
At the same time, we have demonstrated the differences in egg productivity between individuals with different genotypes due to SacI polymorphism of the GH gene. Thus, heterozygous individuals with genotype AB (SacI+/SacI) were characterized by greater egg productivity than chickens with genotype BB (SacI/SacI). A tendency towards higher indices of heterozygous individuals as compared to homozygous ones was also noted in case of egg weight in the 30 th week of life (see Table 3 ). With regard to the GHR locus, we have not found any significant differences in egg productivity indices. The locus of PRLR, as well as that of prolactin (with regard to the presence of the insertion in the promoter region), turned out to be monomorphic, which made it impossible to study the relationship between the genotype and productivity characters of chickens.
So, we have investigated the genetic pattern of the Poltavskaya Glinistaya chicken breed population by the loci of the growth hormone, growth hormone receptor, prolactin and prolactin receptor genes. It was demonstrated that the growth hormone, growth hormone receptor and prolactin genes were polymorphic in the experimental population of chickens. With regard to all the polymorphic loci studied, the Poltavskaya Glinistaya chicken breed population is in the state of Hardy-Weinberg genetic equilibrium. The prolactin (with regard to the presence of the insertion in the promoter region) and prolactin receptor genes are monomorphic. We have demonstrated positive correlation of genotypes in respect to prolactin (CC-PRL) and growth hormone (AB-GH) (SacI+/SacI) with egg number for 12 weeks of productive period and egg weight on the 30 th week of life. The obtained data can be further used in targeted breeding of Poltavskaya Glinistaya chickens in order to get offsprings from desirable genotypes, which, in combination with classical breeding methods, will make it possible to unlock the productive potential of poultry to a maximum effect.
